Other examples of field equations are the Dirac equation for the elec-
tron, nonlinear scalar wave equations, and the Einstein equations for
gravitation.

The challenging and elusive search for the mathematical founda-
tion of quantum physics has inspired new mathematics and succeeded
in yielding important insights into physics. At present it provides an
exciting opportunity to unify these fundamental sciences.

As early as the 1920s when modern quantum mechanics was born,
many of the world's greatest mathematicians, such as Hilbert, von Neu-
mann, and Weyl, felt strongly attracted to this new physics. The math-
ematics of wave propagation, of integral equations, of differential equa-
tions, of eigenvalue problems, of linear analysis, of probability theory
and of group theory, all contributed to the understanding of nonrela-
tivistic quantum theory. These areas of mathematics also profoundly
influence every area of modern physics and engineering.

Let us now focus attention on a puzzle in mathematical physics
which arose in the 1930s with the attempt to incorporate into quantum
theory the effects which arise because particles can affect themselves,
indirectly, through their effects on other particles. For example, a typ-
ical experiment might measure the frequency (color spectrum) of light
emitted by an excited atom. In the process the light interacts with the
atom, while the atom in turn interacts with the light. Because of this
circle of effects, the light can affect itself, and the phenomenon is said
to be nonlinear. However, every attempt to derive observable frequency
shifts from this nonlinear system resulted in infinite answers!

In 1947, a conference was held on Shelter Island to focus attention
on the major open problems in theoretical physics and to reorient the
researchers in the postwar period. This conference became famous be-
cause it stimulated the formulation and application of a set of rules to
carry out the mystifying calculations; these rules systematically ignored
meaningless quantities such as infinity or division by zero, i.e., 1/0. Yet
they yielded definite answers.

The attention of physicists was directed toward understanding a
small, recently observed correction to the spectrum of light emitted by
hydrogen, today called the Lamb shift. A second effect of the nonlinear
interaction concerned the magnitude of the energy of a single electron
in a magnetic field. According to Dirac's theory, the value of this mag-
netic energy, or "magnetic moment," would exactly equal 2 in standard,
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